Objective: to explore the effect of organized youth sport on metabolic syndrome (MetS) in adulthood. Design: Longitudinal study data from the cardiovascular risk in young Finns study. Subjects: A total of 1493 males (n ¼ 704) and females (n ¼ 789) aged 3, 6, 9, 12, 15 and 18 years were randomly selected from five university towns and their rural surroundings in 1980. They were followed up for 21 years. In 2001 they were 24, 27, 30, 33, 36 and 39 years old. Measurements: Youth sports participation data (participation in sport-club training and competitions) were assessed in 1980 and 1983 using a self-report questionnaire completed in connection with a medical examination. Participants were divided into athletes and non-athletes at each measurement point, and then classified into four groups: Persistent athlete, Starter, Leaver and Non-athlete. A mean score of youth sport was assessed by calculating the average of four consecutive measurements (1980)(1981)(1982)(1983)(1984)(1985)(1986)(1987)(1988)(1989). MetS risk in 2001 was defined as a categorical variable based on the guidelines of the European Group for the Study of Insulin Resistance (EGIR) and as a continuous MetS-score variable by summing the z-scores of individual metabolic variables. Results: In males and females, intense participation in youth sports over 3 years was inversely and significantly associated with clustered MetS score and prevalence of MetS defined by EGIR in adulthood (Po0.05). The association remained significant after adjustment for age, baseline clustered MetS score, smoking and total caloric intake and after additional adjustments for adult leisure-time physical activity. Starters during 3 years were less likely to have MetS than non-athletes. Leavers were at a higher risk for MetS than persistent athletes. These associations were attenuated in males by adjustment for all potential confounders. Similar associations were found using EGIR MetS as an outcome. Conclusions: Sustained participation in organized sport lasting at least 3 years in youth is associated with reduced risk for developing MetS in adulthood.
Introduction
Metabolic syndrome (MetS) is a constellation of metabolic risk factors that is associated with increased risk for developing cardiovascular disease and type 2 diabetes. Clustered metabolic risk factors, including abdominal obesity, dyslipidemia, elevated blood pressure, glucose intolerance and insulin resistance, have been noted in both youth 1,2 and adults. 3, 4 The prevalence of MetS in Finland has increased gradually over the past decades. 5, 6 Many studies have reported an inverse relationship between leisure-time physical activity and MetS in adults. [7] [8] [9] [10] However, most of the studies showing a significant relationship between physical activity and MetS have been crosssectional. Few studies have explored how physical activity in childhood and adolescence is related to metabolic risk in adulthood. We have previously shown in the longitudinal Young Finns study that persistent physical activity lasting 6 years in youth was related to low metabolic risk and persistent inactivity to high risk. 11 Similar observations have been reported in some other studies, [12] [13] [14] [15] but not in all. 16, 17 The inconsistency in the findings may be caused by differences in the assessment of physical activity, MetS criteria and follow-up time.
A great deal of research has been done on youth sport from the pedagogical, physiological, psychological and sociological viewpoints, but less attention has been paid to how youth sport is related to a healthy lifestyle and health in adulthood. We have previously shown that participation in youth sport is a good predictor of physical activity in adulthood. 18 To our knowledge, this is the first longitudinal study to assess the association between sustained sports participation in youth lasting 3 years and MetS risk in adulthood 21 years later in a population-based study.
Participants and methods

Participants
The Cardiovascular Risk in Young Finns Study 19, 20 is an ongoing population-based study comprising of a series of six surveys of six cohorts born in 1962, 1965, 1968, 1971, 1974 and 1977 . The participants' ages were 3, 6, 9, 12, 15 and 18 years in 1980. All the subjects were randomly selected (N ¼ 3596) from the five Finnish university cities with medical schools (Helsinki, Kuopio, Oulu, Tampere and Turku) and their surrounding communities at baseline. They were followed up in 1983, 1986, 1989, 1992 and 2001 . In 2001, the subjects were aged 24, 27, 30, 33, 36 and 39 years. A more complete description of the study has been reported previously. 19, 21, 22 The study protocol was reviewed and approved by the ethics committee of each of the five participating universities, and corresponded to the World Health Organization proposal for a cross-sectional study of atherosclerosis precursors in children and adolescents. Parental/guardian consent and minor assent were obtained. 23 In this analysis, all six age cohorts are included. Pregnant women (n ¼ 62) and participants with type 2 diabetes (n ¼ 16) were excluded from these analyses. Complete data on physical activity and the other study variables were available for 1493 participants (704 males and 789 females). A frequently encountered methodological problem in longitudinal studies is lost-to-follow-up. Although the number of subjects lost was relatively high, no systematic selection with regard to physical activity and cardiovascular risk factors was observed. 20, 24, 25 Youth sports activities Participation in organized youth sport was assessed using a self-reported questionnaire administered in connection with a medical examination. 26 The questionnaire consisted of the two items in 1980, 1983, 1986 and 1989, but not in 1992 and 2001. The first asked 'How many times a week do you usually engage in training sessions organized by a sport club?' The response alternatives were recoded into three categories: no participation or less than once a week, once a week and more than once a week. The second asked 'Do you participate in sports competitions?' and had four response categories: no participation, sport-club level, regional level and national level. The two items were summed into three levels. Subjects who participated in sports less than once a week and no sports competitions were defined as 'non-athletic level'. Those participating in sports at least once a week and competitions at local sport-club level were defined as 'moderate-athletic level'. Subjects who participated in sports more than once a week and competitions at regional and/or national level were defined as 'high-athletic level'. To study the effect of persistent youth sport participation over 3 years, participation in youth sport was coded as a dummy variable: 1 ¼ athletic group, that is, participation in organized sports training at least once a week and participation in competitions; and 0 ¼ non-athletic group, that is, no participation in any sports training or competitions. The participants who were categorized as 1 in both 1980 and 1983 were labeled 'Persistent athlete'. Those who were categorized as 0 in 1980 and 1 in 1983 were labeled 'Starter'. Those who were categorized as 1 in 1980 and 0 in 1983 were labeled 'Leaver'. Those who were categorized as 0 in 1980 and 1983 were labeled 'Non-athlete'. Owing to the fact that the high dropout rates for competitive sports occurred during youth, we only assessed the four groups at the first two measurement points. We cannot guarantee that the persistent athletes had been training and competing throughout the 3-year period, but it is very probable, as those who had stopped training were captured as leavers. Leaving and rejoining within 3 years is very rare.
Metabolic syndrome
In 2001, waist circumference midway between iliac crest and lowest rib and hip circumference at the level of the greater trochanters was assessed in duplicate to an accuracy of 0.1 cm and the mean of two measurements was used in the statistical analyses. Blood pressure was measured in triplicate using a random zero sphygmomanometer in a seated position after 5 min rest. The mean of three measurements each of systolic and diastolic pressure was used in the analyses. Blood samples were drawn after fasting for 12 h. Serum triglycerides, total cholesterol, highdensity lipoprotein (HDL) cholesterol, plasma glucose and insulin were assayed in serum concentrations. All the measurement procedures were determined by standard enzymatic methods and have been reported in detail previously. 6, 27, 28 We calculated a continuous MetS score by summing the z-scores of these metabolic variables. To normalize the distributions, insulin, triglycerides and glucose levels were logarithmically transformed, owing to their skewed distribution, before the z-scores were computed. Assessments of this instrument have been presented elsewhere.
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A categorical variable indicating the presence of MetS was constructed according to the European Group for the Study of Insulin Resistance (EGIR) definition. 29 According to this definition, MetS includes the presence of hyperinsulinemia (defined as nondiabetic subjects with a fasting insulin level in the highest quartile, which in our study was 9 mU l Organized youth sport and metabolic syndrome X Yang et al current use of antihypertensive medication, waist circumference X94 cm in men and X80 cm in women. We chose this definition, as it includes insulin as one of the components. Similar results, however, were seen when the MetS was diagnosed using the National Cholesterol Education Program (NCEP) 30 and the International Diabetes Federation (IDF) 31 (data not shown).
Covariates
The covariates that were taken into account included adult leisure-time physical activity and the z-scores of single baseline metabolic variables: BMI (weight in kg per height 2 in meter), fasting insulin, serum triglycerides, HDL cholesterol, systolic and diastolic blood pressure. Self-reported leisure-time physical activity in adults comprising five items (1 ¼ intensity of physical activity, 2 ¼ frequency of intensive physical activity, 3 ¼ hours spent on intensive physical activity, 4 ¼ average duration of a physical activity session and 5 ¼ frequency of participation in organized physical activity) was summed to create a physical activity index. 18, 22 High scores represented active and low scores represented inactive. In 1980, smoking status was assessed through a questionnaire in subjects aged 12 years or older. Subjects who reported regular and frequent smoking were deemed as smokers. Total caloric intake was computed as kilocalories per day and categorized into sex-specific tertiles. The dietary assessment method has been described in detail elsewhere. 32 
Statistical analysis
Descriptive characteristics are expressed as means and ranges or as percentages. Gender differences were assessed using independent t-tests for continuous variables and w 2 -tests for categorical variables. Comparisons of the adult MetS score between the four groups at the 3-year follow-up were performed with ANOVA (analysis of variance). A three-way ANOVA (sport groups Â gender Â age) was applied to examine the main effects of interactions with MetS scores in adulthood. As no significant sport group Â age interactions were observed, the age groups were combined. However, we performed a comparison of means of adult MetS scores between the four youth sport groups separately for males and females because of the big gender differences found in MetS. The effect size (d) was calculated as the difference in MetS score between the groups, divided by the pooled standard deviation of the non-athletic group. Cohen's d was interpreted as small (0.20), medium (0.50) and large (0.80). 33 To study the effect of sustained participation in sport during youth on MetS in adulthood, youth sports activities were assessed by calculating the average of the four measurement points taken from 1980 to 1989. Linear regression was taken to relate the mean score of youth sport to the continuously distributed outcome variable of the adult MetS score. The model was additionally entered simultaneously along with baseline covariates such as age, smoking, caloric intake and baseline-clustered risk for MetS. In these analyses, the measurements were done only on children and adolescents aged 9-18 years. General linear models were used to evaluate the long-term effect of change in organized youth sport during the 3-year period on the adult MetS score over 21 years. Model 1 was the crude analysis, in model 2 the baseline covariate variables were adjusted and in model 3 the additional adjustment was done for adult leisure-time physical activity.
Logistic regression analysis was used to assess whether participation in and persistence of organized youth sport during the 3-year period were related to the prevalence of MetS in adulthood. The level of statistical significance was determined by using odds ratios (OR) with 95% confidence intervals (CI), with persistently athletic subjects serving as the reference group. The models were initially adjusted for age and baseline metabolic risk score, and additionally for adult leisure-time physical activity. The level of significance was set at Po0.05. All the statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS Inc., version 16, Chicago, IL, USA).
Results
The results of the t-tests indicated that insulin levels were similar between the sexes, but that all the metabolic variables, MetS score and the prevalence of MetS were higher in males than in females (Po0.001), with the exception of HDL cholesterol (higher in females: Po0.001). The difference between the male and female participants in the change in youth sport participation was significant (Po0.001) ( Table 1) .
No significant interactions (two-way or three-way) were found for the MetS score in adulthood. Gender contributed a significant effect to the adult MetS score, with males receiving a higher MetS score; however, the effect of age was not significant. The effect of sport group was significant ( Table 2) . As shown in Figure 1 , sustained youth sport over 3 years and the prevalence of EGIR MetS showed a significant relationship, which seemed to be linear in both males and females (Po0.05).
Change in youth sport was also significantly associated with the mean of the MetS score in both sexes (Po0.001) over time (Figure 2 ). The persistent athletes were less likely to have MetS in adulthood than the non-athletes (Po0.001 for males, Po0.01 for females), with a large effect size (d ¼ 0.97 for males, d ¼ 0.89 for females). Starters in both sexes had a lower risk for MetS than their non-athletic counterparts (Po0.05), with a medium effect size (d ¼ 0.71 for males, d ¼ 0.68 for females). Persistent athletes were also less likely to have MetS than the leavers (Po0.05 for males, Po0.01 for females). No associations were observed between the leavers and the non-athletes in either gender, and the effect size was small (d ¼ 0.31 for males, d ¼ 0.27 for females).
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The relationship between sustained youth sport and adult MetS remained significant even after adjustment for age, baseline MetS score and adult leisure-time physical activity in both males and females (Po0.01) ( Table 3 ). Starters had lower risk for MetS than their non-athletic counterparts (Po0.05) in females but not in males when adjustments were made for all the potential confounders. Persistent athletes were also less likely to have MetS than leavers (Po0.05), but the association was attenuated in males after adjusting for the confounders.
The results of the linear regression analysis show the predictors of the continuous MetS score ( Table 4 ). The mean score of youth sport across the four time points and covariate variables were simultaneously entered as predictors for the adult MetS score. Mean youth sport level emerged as a significant predictor of MetS in men (b ¼ À0.149, P ¼ 0.001) and women (b ¼ À0.118, P ¼ 0.005). In the model, age and baseline-clustered risk for MetS remained significant predictors of MetS in both sexes, but smoking or caloric intake did not predict the risk of MetS in adulthood.
The results of the multiple logistic regression analysis show that the prevalence of MetS (EGIR) is predicted by organized youth sport changes over 3 years (Table 5) . Nonathletic males and females had a significantly higher prevalence of the MetS in adulthood than persistent athletes. The relationships remained significant after adjustment for age and baseline MetS risk scores. ORs for non-athletic males and females were 2.94 (95% CI ¼ 1.01-8.99) and 4.04 (95% CI ¼ 1.18-13.85), respectively. After additional adjustment for adult leisure-time physical activity, the trend of the associations was the same but significant difference between persistent athletic and non-athletic males disappeared. Those males who dropped out from organized sport during the 3 years had higher prevalence of the MetS compared with 
Discussion
This longitudinal study explored the association between participation in organized youth sport and the risk and prevalence of MetS 21 years later in adulthood. Our findings show that sustained participation in organized sport in youth has a strong preventive effect on MetS in adulthood.
To our knowledge, this is the first longitudinal study of the effects of changes in organized sport in youth over a 3-year period on adult health. Our results are consistent with those of some previous studies. We showed previously in the Young Finns Study 11 that persistent physical activity has beneficial effects on adiposity and insulin metabolism in both sexes during maturation from adolescence to early adulthood. Similarly, Twisk et al. 15 found that daily physical activity was directly associated with HDL cholesterol, and inversely with totalto-HDL cholesterol and sum of skinfolds over a period of 15 years. However, not all longitudinal studies have shown significant effects. Lefevre et al. 17 reported that youth sports participation was not associated with the levels of cardiovascular risk factors in adult men after 27 years. Andersen et al. 16 reported that self-reported physical activity and physical fitness did not predict risk factor clustering in adulthood after an 8-year follow-up. The authors, however, reported that physical fitness was strongly associated with clustered risk at both baseline and during follow-up periods.
The difference between these and our results may depend on different measurements of physical activity and sport participation. In this study, we emphasized sustained participation during a 3-year period and predicted MetS in adulthood. Sustained sport participation in youth was strongly and consistently related to a lower MetS score in adulthood in both sexes. Additional evidence for the effect of persistent participation was gained by the results that the leavers (those who dropped out from sport during a 3-year period) had . General linear models: Model 1 was adjusted for age. Model 2 was adjusted for age, baseline-clustered risk for MetS, smoking and total caloric intake. Model 3 was additionally adjusted for adult leisure-time physical activity. Significantly different from the 'Non-athlete' category: *P o0.05, **P o0.01 and ***P o0.001. Significantly different from the 'Leaver' category: Organized youth sport and metabolic syndrome X Yang et al higher adult MetS than the persistent athletes. This may indicate that dropping out from youth sport can have a disadvantageous effect on later lifestyle and health. The starters represented short participation in youth sport but, as opposed to the leavers, they had lower adult MetS than the persistent non-athletes, particularly in females. An important finding from the sport Â age interaction analysis was that the effect of sport participation was equal in different age groups, indicating that sustained intensive sport participation already in childhood and adolescence, at age of 9-15 years, had a beneficial effect on adult risk for MetS. The beneficial effects of sustained intensive sports activities in youth for adult health were found in both sexes. In Finland, the gender difference in unorganized physical activity is small or non-existent, but boys participate in organized sports more often than girls. 34 However, it seems that the girls who participate in competitive sports may do exercises comparable with those of boys and also experience similar training effects as boys. Some previous studies on the effects of physical activity on MetS have found beneficial effects only in men. 7, 9, 13 Our results showed that when girls'
and boys' sports activities are comparable in intensity, the positive effects of training are similar for both sexes.
In most previous studies, the effect of physical activity on MetS has been defined dichotomously using different definitions. In this study, we used both the dichotomous definition (EGIR) of the MetS and also a continuous variable, which was the sum of the z-scores of metabolic risk factors. Our data indicated that the continuous MetS score was inversely associated with persistent sport participation during a 3-year period in males and females. This finding is important because the power to detect an association between both sports activities and clustered metabolic risk might be statistically more sensitive and less prone to error than dichotomous methods in adolescent and young adult populations. 12, 16 However, the results were almost identical when the dichotomous definition or the MetS score was used, supporting the fact that sustained youth sport not only decreases the risk of MetS in adulthood but also reduces the manifest prevalence of MetS.
The mechanisms explaining the relationship between youth sport participation and adult MetS are not well understood. One of the more obvious explanations could be that youth sport influences youth MetS, which then tracks into adulthood. However, the explanation is not clear because adjustment for youth MetS does not change the result. In addition, sustained youth sport seems to predict low adult MetS 21 years later independently of adult physical activity. It is possible that participation in organized youth sport may establish lifelong habits for good health that in turn reduces risk for MetS. Participation in sustained youth sport may also lead to improved cardiovascular function and physical fitness that carries over into adulthood. Furthermore, children and adolescents who want to maintain their athletic abilities may have better awareness of other healthrelated habits such as diet, smoking and sedentary lifestyle, all of which have been found to be related to risk for MetS. 11 Finally, self-selection and genetic factors should be taken into account as possible explanations for the direct relationship between youth sport and adult health.
The strength of this longitudinal study is the large sample size, which included three age cohorts, two measurements one in childhood and one in adolescence, and a long followup time from youth to adulthood. One limitation of this study is possible misclassification of the 3-year changes in youth sport due to self-reported physical activity data. Participation in sport-club training sessions more than once a week and competing at the local, regional and national levels were defined as moderately high-athletic activities because they represent regular and intensive participation in sport. 18 It is possible that some athletes might have changed from one type of youth sport to another during the followup period. Youth sport participation was measured by only two items, which is another potential limitation. However, the item 'participation in sport-club training' has been found to have good reproducibility calculated from two consecutive measurements separated by a 3-year interval, and also good predictive validity for adult physical activity. 35 The good reliability of the item can be explained by the fact that sport-club training is scheduled on a weekly basis and Organized youth sport and metabolic syndrome X Yang et al therefore easily recalled with high accuracy. The same is true of participation in sport competitions, in particular at the higher levels.
Conclusions
We conclude that intensive and sustained participation in youth sport may benefit adult cardiovascular health and prevent the development of MetS. Organizers of youth sport could have a significant impact on public health by paying attention to the factors that increase adherence in youth sport.
